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Description 

The invention relates to a cathode having a 
supporting body substantially comprising nickel 
and being coated with a layer of electron-emissive 
material comprising alkaline earth metal oxides and 
comprising at least barium and at most 5% by 
weight of yttrium oxide, scandium oxide, or an 
oxide of a rare earth metal. 

Such cathodes are described, for example, in 
EP-A-0.21 0,805. The emission of such cathodes is 
based on the release of barium from barium oxide. 
In addition to the barium oxide the electron-emis- 
sive material usually comprises strontium oxide 
and sometimes calcium oxide. Improved electron 
emission properties are obtained by the addition of 
yttrium oxide or scandium oxide. 

The actual emission is mainly ensured by 
small areas (so-called "sites") having the lowest 
effective electron work function, which sites are 
spread over the electron-emissive material. In prac- 
tice sites having a slightly higher woric function will 
hardly contribute to the electron current generated 
by the cathode. 

For a high effective electron emission it is 
ttierefore favourable to choose the number of sites 
having a minimum possible work function as opti- 
mally as possible in the total distribution of sites. 

A cathode according to the invention is there- 
fore characterized in that the yttrium oxide or scan- 
dium oxide or oxide of the rare earth metal is 
present in the electron-emissive material as par- 
ticles the majority of which has a diameter of at 
most 5 nm and preferably at most 1 um. 

The emissive material preferably comprises 
0.0-1%. by weight of yttrium oxide, scandium oxide 
or oxide of a rare earth metal. 

In a preferred embodiment tiie electron-emis- 
sive material comprises 0.1-1% by weight of yt- 
trium oxide or scandium oxide. 

In another preferred embodiment the electron- 
emissive material comprises 0.02-0.5% by weight 
of europium oxide. 

The invention is based on the recognition that 
the size of the surface of the grains influences the 
formation of the number of sites. It is found that for 
a smaller grain size it is sufficient to have smaller 
quantities of yttrium oxide, scandium oxide or the 
rare earth oxide in the emissive layer. 

The invention will now be described in greater 
detail with reference to an embodiment and the 
drawing In which 

Fig. 1 is a diagrammatic cross-sectional view of 
a cathode according to the invention, while 
Rg. 2 shows the results of life tests on cathode 
ray tubes comprising cathodes having different 
percentages of ytti'ium oxide in tiie layer of 
electron-emissive material for a first value of the 



grain diameter of the yttrium oxide powder and 
Fig. 3 shows similar results for another value of 
the grain diameter of the yttrium oxide powder. 
The cathode 1 in Fig. 1 has a cylindrical nich- 
6 rome cathode shaft 3 provided with a cap 7 in this 
embodiment. The cap 7 substantially comprises 
nickel and may comprise reducing means such as, 
for example, silicon, magnesium, manganese, alu- 
minium and tungsten. The cathode shaft 3 accom- 
to modates a helical filament 4 which comprises a 
metal helically wound core 5 and an electrically 
insulating aluminium oxide layer 6. 

An approximately 70 urn thick layer of emis- 
sive material 2 is present on the cap 7. which layer 
15 is provided, for example by means of spraying. 
The layer 2 comprises, for example a mixture of 
barium oxide and strontium oxide obtained by pro- 
viding and subsequently decomposing barium 
strontium carbonate or a mixture of barium oxide, 
20 strontium oxide and calcium oxide. 

Moreover, a given quantity of yttrium oxide or 
scandium oxide has been added to the mixture. 

Cathodes having an emissive layer comprising 
a mixture of barium oxide and strontium oxide to 
25 which 0. 6% by weight. 1.3% by weight. 2.5% by 
weight. 5% by weight and 10% by weight, respec- 
tively, of yttrium oxide was added, were mounted 
in a cathode ray tube. The yttrium oxide which was 
added to the mixture comprised grains haff of 
30 which had a diameter of 4.5 um or less (dso = 4.5 
urn). 

After this standard mounting and activation of 
the cathodes in tiie tube, the cathode ray tubes 
were operated for 2000 hours at a filament voltage 
35 of 7 V, which is comparable with approximately 
10.000 real operating hours. Before and after this 
life test emission measurements were perfonmed at 
a filament voltage of 7 V after 30 seconds of 
conveying current at a catfiode load of 2.2*/cm2 
40 (so-called Aik^o measurement). 

The decrease in emission cun^ent was 5.1%. 
3.5%. 3.9%, 12.8% and 35.7%. respectively, while 
it was 38% in the case without any additions. The 
curve of Fig. 2 was drawn through the points thus 
46 found and It gives a rough indication of the relation- 
ship tjetween the quantity of yttrium oxide (with 
grain size dso = 4.5 um) and the emission pro- 
cess. Rg. 2 also shows the point a indicating the 
variation of the emission (a decrease of 0.7%) 
so under identical conditions for an addition of 0.3% 
by weight of yttrium oxide having a smaller grain 
size (dso = 0.9 um). 

Rg. 3 shows a similar dependence of the emis- 
sion process and the added quantity of yttrium 
65 oxide which consisted of grains half of which had a 
diameter of 0.0 um or less (dso = 0.9 um). After 
the cathodes with additions of 0.1% by weight, 
0.3% by weight, 0.6% by weight and 1.3% by 
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weight, respectively, to the emissive layer compris- 
ing a mixture of barium oxide and strontium oxide 
had been mounted In the cathode ray tubes and 
were activated in the conventional manner, they 
were subjected to an accelerated and heavier life 5 
test. The load of the cathode was 4*/cm2. which 
load was also maintained during the emission mea- 
surement The decrease in emission was 3.24%, 
0.82%, 1.42% and 3.56%. respectively, after 100 
hours, while it was 8.09% in the case without any 10 
additions. For a tube with a cathode to which 0.3% 
by weight of the coarser yttrium powder (dso = 4.5 
um) had been added, the decrease of the emission 
was 6.49% under the same test conditions (point b 
in Fig. 3). ,5 

It is clearly apparent from Figs. 2 and 3 that 
the same or better results can be obtained when 
using yttrium oxide with a smaller grain size at 
smaller quantities of added yttrium oxide. 

Also other properties which are characteristic 20 
of cathode ray tubes, such as the roll-off point (the 
point at which the emission cunrent in the cathode 
ray tube has decreased by 10%, when the filament 
voltage across the filament is decreased, as com- 
pared with the emission current at a filament volt- 25 
age of 8.5 V) had optimum values at those quan- 
tities of yttrium oxide where the curves of Rgs. 2 
and 3 exhibited a minimum decrease of the emis- 
sion. 

The decrease of the quantity of yttrium oxide 30 
to be added (approx. a factor of 5) is approximately 
proportional to the decrease of the average diam- 
eter of the yttrium oxide grains. 

A similar relationship was found in tests in 
which europium oxide (EuaOa) was added to the 35 
emissive layer at diameters (dso) of 2.5 um and 0.5 
um, respectively. Tests similar to those described 
with reference to Fig. 2 proved that addition of 
0.3% by weight of coarse-grained europium oxide 
(dso = 2.5 um) resulted in an emission decrease 4o 
of about 8.5% after 100 hours, while addition of 
about 0.05% by weight of the fine-grained 
europium oxide (dso = 0.5 um) resulted in a 
decrease of only 4.3%. 

Moreover, since approximately 25 times as 46 
many particles of the fine-grained material are used 
at this lower weight percentage, as compared with 
the weight percentage required to achieve an opti- 
mum result for coarse-grained material, the fine- 
grained particles are distributed more homoge- so 
neously. which leads to a more unifonm emission 
behaviour. 

The invention is of course not limited to the 
embodiments shown, but several variations are 
possible. For example, when using scandium oxide ss 
instead of yttrium oxide, an Improved emission at 
low percentages by weight and smaller grain sizes 
can be found in a similar manner. Similariy as for 



europium oxide, an optimum percentage can be 
found for oxides of other rare earth metals at 
smaller grain sizes. The cathode may also be de- 
signed in various manners (cylindrical, concave, 
convex, etc.) and there are various methods of 
providing the electron-emissive layer. 

Claims 

1. A cathode having a supporting body substan- 
tially comprising nickel and being coated with 
a layer of electron-emissive material compris- 
ing alkaline earth metal oxides and comprising 
at least barium and at most 5% by weight of 
yttrium oxide, scandium oxide or an oxide of a 
rare earth metal, characterized in that the yt- 
trium oxide, scandium oxide or oxide of the 
rara earth metal is present in the electron- 
emissive material as particles the majority of 
which has a diameter of at most 5 um. 

2. A cathode as claimed in Claim 1. characterized 
in that the majority of the particles has a diam- 
eter of at most 1 um. 

3. A cathode as claimed in Claim 1 or 2, charac- 
trized In that the electron-emissive material 
comprises 0.02-1% by weight of yttrium oxide, 
scandium oxide or oxide of a rare earth metal. 

4. A cathode as claimed in Claim 3, characterized 
in that the electron-emissive material com- 
prises 0.1-1% by weight of yttrium oxide or 
scandium oxide. 

5. A cathode as claimed in Claim 1, 2 or 3, 
characterized in that the electron-emissh/e ma- 
terial comprises 0.02-0.5% by weight of 
europium oxide. 

6. A cathode as claimed in Claim 1 , 2, 3, 4 or 6, 
characterized in that the electron-emissive ma- 
terial mainly comprises barium oxide and 
strontium oxide. 

7. A cathode as claimed in any one of Claims 1 
to 6, characterized in that the supporting body 
comprises reducing means. 

8- An electron beam tube provided with a cath- 
ode as claimed in any one of Claims 1 to 7. 

PatentansprUche 

1. Kathode mit einem TrSgerkSrper, der im we- 
sentlichen aus Nickel besteht und mit einer 
Schlcht aus elektronenemittlerendem Material 
bedeckt ist. das Erdalkalimetalloxide und we- 
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ntgstens Barium und hochstens 5 Gew. % 
Yttriumoxid, Scandiumoxid oder einem Selten- 
erdmetalloxid enthSft. dadurch gekennzeichnet . 
daB das Yttriumoxid, das Scadiumoxid Oder 
das Seltenerdmetalloxid sich im emittierenden s 
Material als Teilchen befindet, von denen der 
GroBteil ein Durchmesser von hochstens 5 urn 
besitzt. 

2. Kathode nach Anspruch 1. dadurch gekenn- io 
zeichnet , daB der GroBteil der Teilchen einen 
Durchmesser von hochstens 1 um besttzt. 

3. Kathode nach Anspruch 1 oder 2, dadurch 
gekennzeichnet . dafi das elektronenemittieren- rs 
de Material 0,02 bis 1 Gew. % an Yttriumoxid, 
Scandiumoxid oder Seltenerdmetalloxid ent- 

hait. 

4. Kathode nach Anspruch 3, dadurch gekenn- 20 
zeichnet daB das elektronenemittlerende Ma- 
terial 0,1 bis 1 Gew. % an Yttriumoxid oder 
Scadiumoxid enthalt. 

5. Kathode nach Anspruch 1, 2 oder 3, dadurch 25 
gekennzeichnet . daO das elektronenemittieren- 

de Material 0,02 bis 0.5 Gew. % an Europium- 
oxid enthMlt. 

6. Kathode nach Anspruch 1,2.3,4 oder 5. da^ 30 
durch gekennzeichnet . daB das elektronenemit- 
tierende Material im wesentlichen Bariumoxid 

und Strontiumoxid enthSlt.. 

7. Kathode nach einem der AnsprUche 1 bis 6, as 
dadurch gekennzeichnet . daB der TrSgerkorper 
Reduktionsmittel enthSlt. 

8. Elektronenstrahlrdhre mit einer Kathode nach 
einem der AnsprUche 1 bis 7. 40 

Revendlcatlons 



2. Cathode suivant la revendicatron 1, caracteri- 
s6e en ce que les particules ont en majority un 
dtamdtre de 1 um au maximum. 

3. Cathode suivant la revendication 1 ou 2, carac- 
t^risde en ce que la mati^re Emissive pour les 
Electrons comprend 0,02 1 % en poids d'oxy- 
de d'yttrium, d*oxyde de scandium ou d*oxyde 
d'un m^tal des terres rares. 

4. Cathode suivant la revendication 3. caracteri- 
s6e en ce que la mati^re Emissive pour les 
Electrons comprend 0,1 k 1% en poids d'oxy- 
de d'yttrium ou d'oxyde de scandium. 

5- Cathode suivant la revendication 1, 2 ou 3, 
caract^ris^e en ce que la mati^re Emissive 
pour les Electrons comprend 0,02 k 0,5% en 
poids d'oxyde d'europium. 

6. Cathode suivant la revendication 1, 2, 3, 4 ou 
5, caract^ris^e en ce que la mati^re Emissive 
pour les Electrons comprend principatement de 
I'oxyde de baryum et do I'oxyde de strontium. 

7. Cathode suivant Tune quelconque des revendi- 
cations 1^6. caract^ris^e en ce que le corps 
de support comprend des agents r^ducteurs. 

8. Tube h faisceau d'electrons 4quip6 d'une ca- 
thode suivant I'une quelconque des revendlca- 
tlons 1 ^ 7. 



1. Cathode comportant un corps de support qui 

comprend en substance du nickel et qui est 45 
revetu d'une couche d'une matidre Emissive 
pour les Electrons comprenant des oxydes de 
m^taux alcalino-terreux et comprenant au 
moins du baryum et au maximum 5% en poids 
d'oxyde d'yttrium. d'oxyde de scandium ou go 
d'un oxyde d'un m^ta! des terres rares. carac- 
t^ris^e en ce que I'oxyde dVttrium ou I'oxyde 
de scandium ou I'oxyde d'un m^tal des terres 
rares est present dans la matidre Emissive 
pour les Electrons I'^tat de particules ayant 66 
en majority un diametre de 5 um au maxi- 
mum. 
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